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(54) TiOe: DEVICE FOR A ROTATING ELECTRIC MACHINE 



(57) Abstract 



A device and a method for thermally insulating a rotating electric 
machine comprising a stator (1), wound with a high voltage cable (11), 
and a rotor 07), whereby the machine is provided with a thermal 
insulation (20, 60. 70, 90) in the air gap between the stator (t) and the 
rotor (17). 
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DEVICE FOR A ROTATING ELECTRIC MACHINE 

Technical field 

The present invention relates not only to a rotating electric nnachines for high 
5 voltage, for example synchronous machines, but also to double-fed machines, appli- 
cations of asynchronous converter cascades, outer pole machines and synchronous 
flux machines and also altemating current machinery, which are mainly used as ge- 
nerators in a power plant for the generation of electric power. The invention relates 
more specifically to cooling within the air duct and the means of transporting the 
10 coolant through the cooling duct between the rotor and the stator in such machines. 

Background art 

Such machines have conventionally been designed for voltages in the range 
1 5 - 30kV and 30 kV has normally been considered to be an upper limit. This means 

15 in the case of a generator that a generator must be connected to the power network 
via a transformer, which steps up the voltage to the level of the power network, i.e. in 
the range of 130 - 400 kV. The present invention is intended for use at high voltages, 
i.e. voltages that mainly exceed 10 kV. A typical operating range for a machine ac- 
cording to the present invention may be voltages from 36 kV up to 800 kV. 

20 Rotating electric machines for high voltage, i.e. voltages exceeding 10kV and 

up to a maximum of 30-35kV are normally provided with a cooling system for forced 
cooling of the machine. Two different types of air-cooled systems exist for conven- 
tional cooling: radial cooling where the air passes through the hub and is conducted 
further through radial ducts in the rotor, and axial cooling where the air is blown into 

25 the pole gaps by axial fans. 

Rotating electric machines for high voltage are normally constructed of a 
stator provided with slots, stator slots, in which the AC-windings or stator winding are 
located. The slots are normally rectangular or trapezoidal in shape. So-called stator 
teeth are formed between the slots. Each winding phase consists of a plurality of coil 

30 groups connected in series and each coil group consists of a plurality of coils con- 
nected in series. The different parts of the coil are d signated as the coil side for the 
part which is placed within the stator and the end winding for that part which is on the 
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outside of the stator. A coil consists of one or more conductors brought together in 
height and/orwtdthrBetween each conductor there is a thin insulation, for example 
epoxy/glass fibre. The coil is electrically insulated from the slot by coil insulation, that 
is, insulation intended to withstand the rated voltage of the machine to ground. Vari- 

5 ous plastic materials, vamish and glass fibre materials may be used as insulating 
material. Usually, so-called mica tape is used, which is a mixture of mica and hard 
plastic material, especially produced to provide resistance to partial discharges, 
which can rapidly break down the electrical insulation. The insulation is applied to the 
coil by winding several layers of the mica tape around the coiL The insulation is im- 

10 pregnated and the coil side is thereafter painted with a graphite-based paint to im- 
prove the contact with the surrounding stator, which is connected to ground potential. 
The stator may be constructed of laminated, normal or oriented steel or another 
amorphous or powder based material. There are also machines in which the power 
windings are placed in the rotor and field windings in the stator. 

15 Gas cooling of both the stator and the rotor is used frequentiy for the cooling 

of large alternating current machines. It is usual for the gas to be transported radially 
through the stator in cooling ducts, which are formed by radially placed spacers. The ■ 
spacers, separating the laminated core of the stator into units of approximately 30 
mm in axial length, are normally 6-mm high and 2 mm thick straight rectangular steel 

20 elements. 

Gas circulation in the electric machine may be arranged according to differ- 
ent principles. A hydro-generator is a multi-pole generator, which is characterized by 
a large stator diameter and salient poles. The rotor in a hydro-generator may be de- 
signed having radial cooling ducts, so that the air is transported radially within both 

25 the rotor and the stator. It is also usual for the gas to be pressed axialiy into the air 
gap by fans on both ends of the machine, after which it turns 90° and to then depart 
radially through the stator ducts. A turbo-generator having few poles, i.e. 2 or 4 
poles, is characterized by a substantially cylindrically formed rotor. The rotor conduc- 
tors in the turbo-generator are frequentiy cooled by gas transported within the axial 

30 ducts, which are connected to the conductors. The heated gas is released into the 
air gap via {he'rBdiarducts, which are frequentiy concentrated towards the centre. 
The stator in the turbo-generator is divided up into different cooling chambers in 
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which the direction of the gas flow may change so that the cold air may be pressed 
down into the air gap in some chambers and warm air may escape from the air gap 
in other chambers. So-called reversed cooling is applied to some turbo machines, 
which means that the rotor fans suck gas from the air gap instead of pressing gas 

5 into the air gap. This is advantageous as the stator is cooled in this way by cool air 
instead of the warm rotor air. The rotor fan blades are then placed on top of the rotor 
retaining Vings instead of being mounted axially behind the rotor retaining rings. 

The cool air may consist of the surrounding air but at powers exceeding 1 
MW, a closed cooling system vynth heat exchangers is often used. Hydrogen cooling 

10 is normally used in turbo generators and large synchronous condensers up to ap- 
proximately 400 MW. This cooling method functions in a similar manner to air cooling 
with heat exchangers, but hydrogen gas is used instead of air as a coolant. The hy- 
drogen gas has a better cooling capacity than air, but difficulties arise at seals and in 
monitoring leakage. Punched core disks being layered on top of each other in order 

15 to build up segments usually produce cooling ducts in the rotor. 

Aim of the invention 

The aim of the invention is to achieve a cooling system for a rotating electric 
machine for high voltage from 1 0 kV and up to the level of the voltage of the power 
20 network. It is intended that such a rotating electric machine should be connected di- 
rectly to a power network without the use of an intermediate transfo.rmer. The new 
type of rotating electric machine has a number of features that make particular de- 
mands on the cooling system when compared to a conventional machine. 

25 Summary of the invention 

The aforementioned aim is achieved with the device, according to the inven- 
tion, as defined in the characterizing part of the appended Claims. 

By using high voltage insulated electric conductors, hereinafter called high 
voltage cables, with permanent insulation similar to that used in cables for transmit- 
30 ting electric power (e.g. XLPE cables) the voltage of the machine may be increased 
to such levels that it can be connected directly to the power network without inter- 
mediate transformers. The conventional transformer may thus be eliminated. This 
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concept requires that the slots in the stator, in which the high voltage cables are 
placed, be deeper than with conventional technique (thicker insulation as a result of 
higher voltage and more turns in the winding). This means that the distribution of 
losses differs from a conventional machine, which in turn creates new problems with 
5 respect to the cooling of the stator teeth. 

The insulated conductor or high voltage cable used in the present invention 
is flexible and bendable and of the type described in more detail in WO 97/45919 
and WO 97/45847. Additional descriptions of the insulated conductor or cable can be 
found in WO 97/45918, WO 97/45930 and WO 97/45931. 
10 Thus, in a device according to the invention the vrindings are preferably of a 

kind similar to cables having solid, extruded insulation, of a type used presently for 
power distribution, such as XLPE cables or cables having EPR insulation. Such a 
cable comprises an inner conductor composed of one or more strands, an inner 
semiconducting layer surrounding the conductor, a solid insulating layer surrounding 
15 the conductor and an outer semiconducting layer surrounding the insulating layer. 
Such cables are bendable, which is an important property in this respect since the 
technology for the device, according to the invention, is based primarily on a winding 
system in which the winding is formed from cables which are bent during assembly. 
The bending ability of an XLPE cable normally corresponds to a radius of curvature 
20 of approximately 20 cm for a cable with a diameter of 30 mm, and a radius of curva- 
ture of approximately 65 cm for a cable with a diameter of 80 mm. In the present 
application the designation bending ability is used to indicate that the winding is 
bendable down to the radius of curvature in the order of four times the cable diame- 
ter, preferably eight to twelve times the cable diameter. 
25 The winding should be constmcted so as to retain its properties even when it 

is bent and when it is subjected to thermal or mechanical stress during operation. It 
is vital that the layers retain their adhesion to each other in this respect. The material 
properties of the layers are decisive here, parBculariy their elasticity and relative 
coefficients of thermal expansion. In an XLPE cable, for example, the insulating layer 
30 consists of cross-linked, low-density polyethylene, and the semiconducting layers 
consist of polyethylene with both soot and metal particles mixed therein. Changes in 
the volume as a result of temperature fluctuations are completely absorbed as 
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changes in the radius of the cable and, thanks to the comparatively slight difference 
between the coefficients of thermal expansion of the layers in relation to the elasticity 
of these materials, radial expansion can take place without the loss of adhesion be- 
tween the layers. 

5 The material combinations stated above should be considered by way of ex- 

ample only. Other combinations fulfilling the specified conditions as well as the con- 
dition of being semiconducting, i.e. having a resistivity within the range of 10'"* - 10® 
ohm-cm. e.g. 1 -500 ohm-cm or 10 - 200 ohm-cm naturally also fall within the scope 
of the invention. 

10 The insulating layer may consist, for example, of a solid thermoplastic mate- 

rial such as low-density polyethylene (LDPE), high-density polyethylene (HDPE). 
polypropylene (PP), polybutyiene (PB), polymethyl pentane (PMP), cross-linked ma- 
terials such as cross-linked polyethylene (XLPE), or mbber such as ethylene propyl- 
ene rubber (EPR) or silicon rubber. 

15 The inner and outer semiconducting layers may be of the same basic mate- 

rial but vi\if\ particles of conducting material such as soot or metal powder mixed 
therein. 

The mechanical properties of these materials, particularty their coefficients of 
thermal expansion, are affected relatively little by whether soot or metal powder is 
20 mixed therein or not, i.e. in the proportions required to achieve the conductivity nec- 
essary according to the invention. Thus, the insulating layer and the semiconducting 
layers have substantially the same coefficients of thermal expansion. 

Ethylene-vinyl-acetate copolymers/nitrile rubber, butyl graft polyethylene, 
ethylene-acryiate-copolymers and ethylene-ethyl-acrylate copolymers may also 
25 constitute suitable polymers for the semiconducting layers. 

Even when different types of material are used as a base in the various lay- 
ers, it is desirable for their coefficients of thennal expanston to be substantially the 
same. This is the case in the combination of the materials listed above. 

The materials listed above have a relatively good elasticity, with an E-modu- 
30 lus of E < .500 MPa. preferably < 200 MPa . The elasticity is sufficient for any minor 
differences between the coefficients of thermal expansion for the materials in the 
layers to be absorbed in the radial direction by the lasticity so that no cracks or 
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Other damage appear and so that the layers are not released from each other The 
material in the layers is elastic, and the adhesion between the layers is at least of the 
same magnitude as the weakest of the materials. 

The conductivity of the two semiconducting layers is sufficient to substantially 
5 equalise the potential along the layers respectively. The conductivity of the outer 
semiconducting layer is sufficiently large to contain the electrical field in the cable, 
but sufficiently small to not give rise to significant losses due to currents induced in 
the longitudinal direction of the layer. 

Thus, each of the two semiconducting layers essentially constitutes one 
10 equipotentiai surface, and these layers will substantially enclose the electric field 
between them. 

There is, of course, nothing to prevent one or more additional semiconduct- 
ing layers being arranged in the insulating layer. 

The insulation of the winding in a machine, according to the present inven- 
ts tion, consists of the same material as in high voltage solidly insulated cables, for ex- 
ample cross-linked polyethylene (XLPE). These materials do not have the same 
temperature durability compared to the insulation of conventional generators, which 
can manage appnDX. 130° - 155° C. Properties of XLPE already change at 70°C, an 
absolute upper temperature limit being 90°C. This means that a temperature rise in 
20 air-cooling of only 10 - 20 K is permissible as against the normal 40 - 60 K. This im- 
plies very large volumes of air which leads to large ventilation losses which in tum is 
a big disadvantage for a generator. 

Furthermore, the stator teeth in a machine, according to the present inven- 
tion, have a much more elongated form compared to a conventional machine. The 
25 long stator teeth are very sensitive to tangential magnetic forces, which act on the 
tooth surface facing the air gap. The laminations buckle between the spacers of the 
cooling ducte due to the pressure on the laminations in a traditionally gas cooled 
stator with radial cooling ducts. The buckling of the laminations leads to a to a largely 
deteriorating tangential stiffness of the laminations which would be an especially se- 
30 nous problem in the new type of electric machine. Bad tangential stiffness in such 
long stator teeth leads to a large risk of resonance and high amplitudes of oscillation, 
which in tum leads to a high sound level and breakdown in the long run. 
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It is therefore better to cool the new type of stator with water. The stator in 
this way may be produced homogeneously without being divided into steel packages 
separated by radial cooling ducts. The rotor may be completely conventional which 
implies that it is normally gas cooled. The problem arising then is that the heated gas 
5 from the rotor, which may exceed 1 lO^C, heats the surface of the stator facing the air 
gap to such an extent that the temperature sensitive stator winding is at risk of being 
overheated. This is especially a problem regarding the turbo-generator. 

The problem for turbo-generators of the new type is traceable to the fact that 
the coefficient of heat transfer iis very high in the air gap, which gives rise to a large 

10 heat flow into the stator teeth. Besides, the electromagnetic losses in the stator teeth 
are greatest close to the air gap since the stator teeth taper towards the air gap, 
which implies an increasing magnetic flux density. The heat is difficult to lead away 
without getting a considerable temperature gradient as a result of the stator teeth 
being so long, producing a relatively high thermal resistance in the radial direction. It 

15 is also difficult to place enough cooling pipes where the stator teeth are at their most 
narrow. The losses in the cable lying closest to the air gap are furthermore greater 
than cables lying elsewhere as a result of the eddy cunrents, which arise in the cop- 
per conductors as a consequence of the slot leakage flux. 

These problems may be solved if a thermal insulation in the form of a ther- 

20 mally insulating cylinder is arranged in the air gap between the rotor and the stator 
the air gap hereby indicates the radial distance between the inner surface of the 
stator core and the outer surface of the rotor core. The cylinder will be solidly con- 
nected to the stator in most embodiments and protect the surface of the stator from 
being heated. The cylinder in a possible embodiment is furthermore provided with 

25 cooling pipes in order to provide extra cooling of the stator. The length of the cylinder 
does not need to correspond to the length of the stator, but may be either shorter or 
longer. 

A normal embodiment of the cooling ducts in the rotor entails that the hot air 
flows axially through the internal rotor ducts by means of rotor fans and is released 
30 into the air gap, which is approximately in the middle of the axial length of the ma- 
chine. The rotor air is then normally led out through the radial stator ducts. If this so- 
lution is to be applied then there must naturally be some stator ducts even though 
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the stator is water-cooled. The cylinder is then manufactured into parts or into plated 
holes, so that the stator ducts are not covered. Themal insulation, in this case, 
should be applied over the uncovered stator winding in the radial cooling ducts, and 
also over the stator laminations which are exposed to the wamri gas. The total axially 
5 extended length of the cylinder can be made shorter than the axial length of the sta- 
tor since the wamn rotor air is concentrated towards the central parts of the air gap. 

The air gap insulation need not necessarily be constructed of a cylinder but 
can consist of a cast compound or a plurality of axial insulation plates, which are 
glued to the stator. 

10 If the rotor fans are bent to the other direction then the warm gas may be 

sucked out through the air gap, so-called reversed cooling. The advantage with this 
is that no central ducts are needed in the stator. which create problems with the 
buckling of plates and themnal insulation. It is noteworthy that the gas circulation 
does not then correspond to the known type of reversed cooling for turbo generators 

15 since no stator ducts exist. This results in that the insulated cylinders should be 

longer than the stator since also the coil ends are to be protected from the warm gas. 

Brief description of the drawings 

The invention will be described in more detail in the following with reference 
20 to the accompanying drawings: 

Figure 1 shows a partial schematic view in a diametric section through a stator 

of a rotating electric machine. 
Figure 2 shows a cross sectional view of a high voltage cable according to the 
present invention. 

25 Figure 3 shows schematically a sector of a rotating electric machine. 

Figure 4 shows schematically a first embodiment according to the present in- 
vention. 

Figure 5a shows schematically a second embodiment according to the present 
• invention. 

30 Figure 5b shows schematically a third embodiment according to the present in- 
vention. 
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Figure 6 
Figure 7 
5 Figure 8 
Figure 9 
Figure 10 



10 



Figure 1 1 



shows a section through a first embodiment of a cylinder according to 
any of the embodiments sho\Am in Figures 4, 5a or 5b. 
shows a section through a second embodiment of the cylinder accord- 
ing to any one of the embodiments shown in Figures 4, 5a, or 5b. 
shows a section through a third embodiment of a cylinder according to 
any one of the embodiments shown in Figures 4, 5a or 5b. 
shows a fourth embodiment of a cylinder according to any one of the 
embodiments shown in Figures 4, 5a, or 5b. 

shows a section through a fifth embodiment of a cylinder according to 
any one of the embodinnients shown in Figures 4, 5a or 5b. 
shows an end view of an embodiment according to Figure 10. 



Description of the invention 

Figure 1 shows an electric machine provided with a rotor 17 and a stator 1 . 

15 The main parts of the stator 1 consist of a stator frame 2 and a stator core 3. As 

shown in the Figure, the stator winding forms a so-called coil ends package 8 at both 
sides of the stator 1. 

The stator frame 2 in larger conventional machines is often designed as a 
welded steel construction. The stator core 3, also referred to as a laminated core, in 

20 larger machines is normally designed of 0,50 mm so-called steel laminations which 
are assembled into packages having an axial length of approximately 50 mm and 
which are separated from each other by an intermediate space constituting ventila- 
tion ducts of approximately 5 mm. However, the ventilation ducts are disposed of in a 
machine according to the present invention. The construction of each packet of 

25 stampings in large machines is performed by putting suitably large punched sheet 
segments 9 together to form a first layer whereby each subsequent layer is over- 
lapped for the ponstruction of an entirely disk shaped part of the stator core 3. 

Figure 2 shows a cross-sectional view of a high voltage cable 1 1 according 
to the present invention. The high voltage cable 1 1 comprises a plurality of strands 

30 12 having a circular cross section of for example copper (Cu). These strands 12 are 
arranged in the centre of the high voltage cable 1 1 - A first semiconducting layer 1 3 is 
arranged around the strands 12. Around the first semiconducting layer 13 there is ar- 



wo 99/17429 PCT/SE98/01 737 

10 

ranged an insulation layer 14, of for example XLPE insulation. Around the insulation 
layer 14 tHfefe is arranged a second semiconducting layer 15. The concept of a high 
voltage cable in the present application does thus not comprise the outer shield^ 
which normally surrounds such a cable during energy distribution. The three layers 
5 are constructed such that they adhere to each other even wrhen the cable is bent as 
shown in the detail of the Figure referring to the insulated conductor or cable. The 
shown cable is flexible and this property is retained during the length of its life. 

Figure 3 shows schematically a sector of the madiine, which has a sheet 
segment 9 of the stator 1 and a rotor pole 16 on the rotor 17 of the machine. It is 
10 further evident that the stator winding 6 is arranged in the space 7. in the shape of a 
bicycle chain, between each stator tooth 4. The Figure also shows that the stator 
core comprises stator teeth 4 and a stator yoke, which constitutes the outer yoke 
section 5. The stator furthermore consists of one of the stator windings 6. arranged in 
the high voltage cable, which is placed in a space 7 in the shape of a bicycle chain 
15 fomied between each separate stator tooth 4. This conductor only distinguishes the 
stator winding 6 injhe Figure. J^ Js furthermore evident in the Figure that the high 
voltage cable is stepped in several dimensions depending on its radial position in the 
stator 1 . Each one of the stator teeth 4 stretches inwardly from the outer yoke section 
5. Besides, a thennally insulating cylinder 20, connected to the stator, is located in 
20 the air gap between the stator 1 and the rotor 17. 

Figure 4 shows an axial section of a first embodiment of the gas cooling of a 
rotor 17 belonging to a madiine which is provided with a liquid-cooled stator, for ex- 
ample a water-cooled stator 1 . Cooling gas hereby flows into the air gap 22 from 
both sides of the rotor and then through at least one radial duct 24 in the stator 1 . A 
25 thermally insulating banier in the fonn of a cylinder 20 is connected to the stator and 
located in the air gap between the stator and the rotor in order to insulate the stator 
windings which are situated in the stator. The cylinder 20 is designed with a gas 
draining means 26 in the fbrni of a hole, slits or intervals between the partial cylin- 
ders in order to release cooling gas radially through the cylinder 20 and then out 
30 through the duct 24. Besides, the cylinder 20 may be divided into several partial cyl- 
inders 2dV 2^0" whereby (he cylinder allows for tiie radial release of cooling gas be- 
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tween these partial cylinders 20', 20". Likewise, the duct 24 is thermally insulated in 
order to protect the stator winding against the hot cooling gas. 

Figure 5a shows an axial section of a second embodiment of the gas cooling 
of a rotor 17 belonging to a machine which is provided with a liquid-cooled stator 1 . 

5 Cooling gas flows hereby axially in through the rotor and then flows radially out 
through the rotor and into the air gap 22. The cooling medium is then sucked axially 
out of the air gap, from both sides of the rotor, and then out past the coil end sec- 
tions 28 on either side of the stator 1 . The stator even in this embodiment of a gas- 
cooled rotor has also been provided with a thermally insulating cylinder 20. but the 

10 cylinder 20 is devoid of gas draining means due to another gas-flowing embodiment 
and is thus designed homogeneously and hereby sealed in the radial direction with- 
out a possibility for gas to flow radially through the cylinder walls- 
Figure 5b shows an embodiment corresponding to 5a differing only in this 
third embodiment in that the cooling gas is arranged to flow axially through the entire 

15 rotor 17 and the air gap 22 of the entire machine, i.e. in at the one side and out at the 
other. 

The cylinder 20 is designed according to a plurality of embodiments in order 
to act as an insulating barrier either in the form of gas cooling according to Figure 4 
or as gas cooling according to Figure 5. 
20 In a first embodiment of the cylinder 20. according to Figure 6. the cylinder 

20 is designed as a homogeneous pipe section 60 manufactured of a material with a 
low thermal conductivity. Armoured glass fibre epoxy or other polymer material is 
suitable material for the thermally insulated cylinder. This has a thermal conductivity 
of 0.3 W/mK. 

25 In another embodiment of the cylinder 20, according to Figure 7, the cylinder 

20 is designed of spirally wound cooling pipes 70. The cooling pipes 70 have hereby 
been designed with a rectangular cross section in order to maintain the large flow 
area in relation to the radial extension. The cylinder, according to this embodiment, 
may also be designed with cooling pipes having a circular cross section, which are 

30 wound spirally around an extmder core leaving a distance between each winding 
turn after which the pipes are "flattened" in order that the pipe obtains a homogene- 
ous pipe-formed appearance. 
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Figure 8 shows a third embodiment of the cylinder 20. which is designed as 
a spiral fomied twin pipe 80 being a combination of the embodiments according to 
Figure 6 and Figure 7, i.e. a homogeneous pipe section 60 surrounded by a cooling 
pipe 70. 

Figure 9 shows a fourth embodiment of the cylinder, which is formed as an 
axial cooling pipe cylinder 90. The cooling pipe 70 hereby mns parallel to the stator 
teeth 4 in the air gap 22. 

Figure 10 shows a fifth embodiment of the cylinder fomned as an axially 
wound twin pipe 20 having a homogeneous pipe section 60, which is wound by an 
axially mnning cooling pipe 70 forming a pipe on the outside. 

Figure 1 1 shows within a section the circularly formed cooling pipes 70 which 
are wound around the homogeneous pipe section 60 fbnning in this way the axially 

wound twin pipe 100. 

Cooling pipes, in all the embodiments in which the cylinders comprise cool- 
ing pipes, may be designed having circular, elliptical or rectangular cross section, 
either in the fomi of a homogeneous cylinder or having the possibility of radially let- 
ting cooling gas through. 

The cylinder 20 is suitably located concentrically at a small distance from the 
inner surface of the stator so as to improve the insulation further in the air gap 22. 
The small void between ttie stator and the cylinder may, but does not necessarily 
need to be filled with insulation material such as for example glass fibre wool. The 
cylinder provides mechanical strength then whereas the glass fibre wool fomis the 
primary insulation material. The cylinder 20 is not to be too thick, since a problem 
arises when inserting the rotor with its retaining rings into the stator. The cylinder and 
the void may each have a suitable thickness value of approximately 5 mm. Different 
possibHities, such as using spacers to wedge the cylinder 20 concentrically into the 
air gap 22, may be exploited in order to fasten the cylinder 20 in the stator. 
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CLAIMS 

1 . A rotating electric machine comprising a rotor (17), characterized in that the 
machine further comprises a stator (1) wound by a high voltage cable (1 1 ), having an 

5 inner conductor composed of one or more strands (12). the conductor surrounded by 
an inner semiconducting layer (13). the semiconducting layer sunrounded by a solid 
insulation layer (14) and the insulation layer (14) surrounded by an outer semicon- 
ducting layer (15) and that the machine is pn^vided with a thenmal insulation (20, 60, 
70, 90) in the air gap between the stator (1) and the rotor (17). 

10 

2. A machine according to claim 1 . characterized in that the stator (1 ) is liquid- 
cooled and that the rotor (17) is gas-cooled. 

3. A machine according to any one of daims 1-2, characterized in that the 

15 rotor cooling media are arranged to flow axially inwards, from each of the rotor ends, 
towards the centre of the rotor (1 7) by flowing both through the air gap and through 
the centre of the rotor and to then flow outwards through at least one radial duel (24) 
in the stator (1) via gas draining means (26) in the thenmal insulation (20, 60. 70. 90). 

20 4. A machine according to any one of claims 1-2, characterized in that the 
rotor cooling media are arranged to flow axiaily inwards, from each of the rotor ends, 
through the rotor (17) towards the centre of the rotor (17) and radially outwards into 
the air gap (22) and to then flow out through the air gap (22) in both directions. 

25 5. A machine according to any one of claims 1-2, characterized in that the 
rotor cooling media are arranged to flow axially inwards from the one rotor end 
through the entire rotor (17), both through the air gap and through the centre of ttie 
rotor and then out through the other end of the rotor. 

30 6. A machine according to any one of claims 1-5, characterized in that one 
cylinder (20) is located in the air gap between the stator (1) and the rotor (17) in or- 
der to function as a thermally insulating barrier between the stator and the rotor. 
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7. A machine according to claim 6, characterized in that the cylinder (20) is 
connected to the stator (1 ). 

8. A machine according to any one of claims 6-7, characterized in that the 
5 cylinder (20) is designed as spirally wound cooling pipes (70) 

9. A machine according to any one of claims 6 - 7, characterized in that the 
cylinder (20) is designed as a cooling pipe cylinder (90) having axially mnning cool- 
ing pipes (70). 

10 

10. A machine according to any one of claims 6-7, characterized in that the 
cylinder (20) is designed as a pipe section (60). 

11. A machine according to any one of claims 8-9, characterized in that the 
15 cooling pipe (70) is mounted on the outside of a pipe section (60). 

12. A machine according to any one of claims 8 - 9 or 11 , characterized in that 
the cooling pipe (70) displays a rectangular cross section. 

20 13. A machine according to any one of claims 1-12, characterized in that the 
cylinder (20) is provided with gas draining means (26) in order to enable the radial 
release of cooling gas through the stator (1 ). 

14. A machine according to any one of claims 1-12, characterized in that the 
25 cylinder is divided into a plurality of partial cylinders (20*, 20") in order to enable the 

radial release of cooling gas through the stator (1). 

15. A machine according to any one of claims 1-12, characterized in that the 
entire cylinder (20) is sealed in the radial direction in order to prevent cooling gas 

30 from penetrating through the cylinders and to heat the stator windings (6) up. 
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16. A machine according to any one of claims 10-15, characteriz d in that the 
pipe section (60) is manufactured of a material having a low coefficient of thermal 
conductivity. 

5 17. A machine according to claim 16. characterized in that the pipe section (60) 
is manufactured of a polymer material. 



1 8. A machine according to any one of claims 6-17, characterized in that the 
cylinder (20) is concentrically an^nged with a void towards the inner surface of the 
10 stator (1 ) and that the void is filled with insulation material, for example glass fibre 
wool. 



19. A machine according to any one of daims 1-18, characterized in that the 
layers (13. 14, 15,) are arranged to adhere to each other even when the insulating 

15 conductor or cable is bent 

20. A method of thennally insulating a rotating electric machine, characterized 
in that the machine comprises a liquid-cooled stator (1) wound by a high voltage ca- 
ble (1 1 ), having an inner conductor composed of one or more strands (12), the con- 

20 ductor surrounded by an inner semiconducting layer (13), the semiconducting layer 
surrounded by a solid insulation layer (14) and the insulation layer (14) surrounded 
by an outer semiconducting layer (15) which stator is provided with an outer yoke 
section (5), from which the stator teeth (4) stretch inwardly, and a gas-cooled rotor 
(17) and that the thermal insulation between the stator (1) and the rotor (17) is 

25 achieved by inserting a themnal insulation into the air gap between the stator (1 ) and 
the rotor. 

21 . A method according to claim 20, characterized in that a cylinder (20) is 
placed into the air gap between the stator (1) and the rotor (17) and connected to the 

30 stator (1 ) in order to function as a thermally insulating banrier between the stator and 
the rotor. 
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22. A method accorcling to claim 21 , charact rized in that th cylinder (20) also 
prevents gas flow through the coil ends on one or both sides of the stator (1 ). 
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